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SUMMARY 

''Self-rating*  of  subjective  fatigue  and  sleep  logs  provide  a simple  and  useful 
means  of  evaluating  alrorew  fatigue  during  real-world  operations  involving  large  num- 
bers of  participants  working  irregular  schedules.  Evaluation*  of  extended  U8AF  opera- 
tions Involving  transport,  tactical,  and  airborne  aommand  post  systems  are  reviewed. 
Following  onboard  crew  rest  on  C-141  transport  airaraft  flying  S-  to  9-hour  missions, 
aircrew  performance  in  simulator  missions  was  significantly  deteriorated  and  accom- 
panied by  reporta  of  severe  fatigue.  Tactical  aireraws  are  being  trained  and  evalu- 
ated In  unit  flying  at  the  fast  paas  expected  in  the  first  crucial  days  of  an  armed 
conflict.  Flying  2 to  3 sorties  a day  for  a weak  or  more  resulted  in  reports  of  only 
moderate  fatigue.  Dally  fatigue  was  ameliorated  by  a night  of  quality  sleep.  During  a 
30-hour  airborne  command  post  mission,  crew  fatigue  was  moderate  and  not  suggestive  of 
compromises  in  performance.  After  mission  completion,  severe  levels  of  fatigue  were 
reported. 


INTRODUCTION 


The  Crew  Performance  Branch  of  the  USAF  School  of  Aerospace  Medicine  (UBAFSAM) 
has  used  a variety  of  payohobiological  measures  to  evaluate  crew  fatigue  in  both  air- 
borne and  ground  operation*.  The  measures  have  bean  selected  and  developed  to  allow 
flexibility  and  to  minimise  Interference  with  operational  duties,  dally  schedules,  and 
personal  activities.  The  procedures  *r*  simple  and,  after  a brief  explanation,  most 
oan  be  completed  without  supervision.  A self-administration  methodology  has  proven  to 
be  a convenience,  if  not  a necessity,  for  simultaneously  collecting  Individual  data 
from  a large  number  of  arewmen  located  at  different  duty  stations  and  working  Irregu- 
lar schedules. 

The  core  of  our  field  measurement  battery  has  been  self-ratings  of  subjective 
fatigue  and  dally  sleep  logs.  The  subjective  aspect  of  fatigue— the  feeling  of  being 
tired— has  considerable  faae  validity,  The  Subjective  Fatlgua  Checklist  (SAM  Form  13uj 
was  developed  at  the  Bohool  in  the  1950's  (Fig,  1).  The  seal*  development  methodology 
used  to  oreat*  the  checklist  wsa  state-of-the-art  at  the  time  and  la  still  highly 
regarded.  it  is  an  undlmeusional  scale  of  9 equal-appearing  (based  on  expert  judg- 
ment) Intervals  ranging  from  very  refreshed  to  extremely  tired.  It  employs  a forced- 
choice  response  format  which  is  «lao  regarded  as  an  excellent  technique. 

The  subjective  Fatigue  Checklist  is  useful  in  operstlonal  studies,  not  only 
because  it  meets  the  measurement  criteria  of  reliability  and  validity,  but  beaaus*  it 
la  brief,  readily  understood,  easily  oompleted,  and  simple  to  score.  The  checklist 
requires  leas  than  a mlnuta  to  complete  and  results  in  an  Integer  score  ranging  from 
0-20  (arbitary  units)  with  lower  saorss  indicating  greater  fatigue.  Interpretation  of 
the  subjective  fatigue  soores  la  based  on  both  relative  values  and  absolute  scores. 
In  general,  soores  of  12  or  above  indicate  feelings  of  alertness  and  are  interpreted  vo 
mean  fatlgua  la  not  affecting  crew  performance,  (cores  of  11  down  to  t indicate  moder- 
ate feelings  of  fatigue.  Scores  of  7 and  below  indicate  sever*  feelings  of  fatigue. 
While  more  research  la  required  to  establish  a firm  relationship,  there  Is  some  evi- 
dence that  fatigue  scores  of  7 to  4 nay  indicate  performance  impairment  and  that  scores 
of  3 or  less  very  likely  Indicate  degraded  performance  on  complex,  demanding  tasks. 
This  categorisation  of  the  fatigue  soores  is  baaed  mostly  upon  observation  and  to  s 
lesser  extent  upon  data  collected  in  both  operational  and  laboratory  studies. 


Circadian  ( tlme-of-day)  variation  is  known  to  oacur  for  subjective  fatigue. 
For  the  typical  day  worker,  feelings  of  alertness  and  freshness  prevail  during  morning 
and  afternoon,  while  feelinge  of  fatigue  become  more  prevalent  in  the  late  afternoon 
and  evening.  Feelinge  of  fatigue  can  be  considerable  when  an  Individual  Is  required 
to  be  awake  during  normal  sleeping  hours  (2200-0100).  The  baseline  relationship 
between  (ubjeetlve  Fatigue  Checkllet  scores  end  oral  temperatures  collected  simultane- 
ously from  the  same  subjects  over  three  consecutive  days  Is  presented  in  Figure  2. 
Because  of  this  established  circadian  variation,  analyses  end  interpretation  of  subjec- 
tive fatigue  scores  must  often  consider  the  time  of  day  the  data  were  collected. 

During  most  operational  teste,  we  have  found  it  useful  to  administer  the 
fatigue  cheukllat  about  one*  every  four  hours,  although  In  some  situations  It  has  been 
more  practical  to  tie  Its  administration  to  the  termination  of  an  operational  event 
rather  than  to  a scheduled  time.  The  deep  lurvey  (SAM  Form  154)  la  usually  oompleted 
once  a day  (Fig.  3).  It  simply  documents  the  total  hours  slept  during  eaoh  24-hour 
period  and  requires  about  a alnute  tor  completion.  When  given  the  opportunity, 
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subjective  fatigue  rating*  and  alaap  histories  ar*  alio  collected  tor  a taw  day*  1mm*- 
dlataly  before  (baiallna)  and  attar  (recovery)  th*  operational  t**t.  Tha  availability 
of  raferent  haiellna  data  and  «ub**qu*nt  racovary  data  otten  provide*  th*  ba*l*  for 
recommendation*  pertaining  to  craw  rest  requirements  generated  by  the  operation  under 
study.  The  desirability  of  collecting  data  from  oparational  crewman  while  they  are 
off-duty  and  at  home  provide*  further  impetus  tor  a simple,  self-administration  method- 
ology. 


we  have  used  other  capabilities  and  procedures  In  various  field  studies.  These 
Include  other  papsr-and-pencll  surveys,  biochemical  analyses  of  urine  samples,  oral 
temperature,  and  heart  rate.  However,  this  presentation  will  oonoentrate  on  subjective 
fatigue  responses  and  sleep  histories  reported  during  real-world  operations  requiring 
extended  duty  periods  in  three  different  types  of  UiAF  airborne  operational  transport, 
tactical,  and  command  post.  Many  of  tha  rsqussta  ws  receive  from  operational  oommsnda 
and  tsst  agencies  ar*  for  general  human  factors  support  to  assist  In  evaluating  th* 
sf facts  of  now  equipment  on  the  msn-mschln*  Inter fees  and  overall  miaalon  performance. 
While  ws  typloslly  Include  at  lsaat  a modact  evaluation  of  fatigue  In  sueh  teste,  there 
is  seldom  any  involvement  of  an  extended  mission  factor.  Th*  three  teats  reported  here 
are  unique  in  this  respect;  in  each  ease  tha  main  objaotlve  waa  to  evaluate  the  effect 
of  extended  mission  duration  on  crow  fatigue. 


C-141  INFLIGHT  CREW  REIT 

Thia  taat  evaluated  th*  concept  of  resting  off-duty  aircrews  while  airborne  on 
a C-141  tranaport  aircraft.  Military  Mrlift  Command  (MAC)  alrcrtw*  flying  long-range 
intercontinental  miaalon*  must  enter  crew  rest  on  th*  ground  after  completing  a baala 
18-hour  duty  day.  Mhil*  th*  aircrew  enters  crew  reet— or  la  staged — the  miaalon  air- 
craft usually  continues  on  manned  by  a fraah  craw.  Th*  staged  crew  is  assigned  to 
another  miaalon  upon  completion  of  their  minimal  crew-rest  period.  Military  Airlift 
Command  planners  have  Identified  this  approach  to  resting  aircrews  as  a primary  lim- 
iting factor  to  having  airlift  rapidly  available  tor  use  In  oversees  theaters.  Avail- 
ability of  crewa  to  oontinu*  mission*  beyond  staging  points  la  dependant  on  thaa*  crew* 
being  properly  rested.  Current  planning  factors  allow  a 8-  to  18-hour  delay  for  stag- 
ing crewa  to  rast  at  some  enroutv  staging  point  where  tha  follow-on  oleelon  It  to  bo 
launched.  The  follow-on  mission  oan  be  an  airland  or  an  airdrop  miaalon  and  oan 
include  a full  craw  duty  day.  Th*  Mllltaty  Airlift  Coewand  directed  an  evaluation  of 
methods  to  reduce  th*  time  between  a sudden  execute  order  end  the  tine  when  the  fleet 
mission  aircraft  to  arrive  ovaraeaa  oen  be  launched  tor  ln-th*et*r  missions. 

One  possible  solutlun  wee  to  us*  palletised  crew-reat  capsules  that  could  be 
loaded  on  C-141  alreraft  to  provide  a facility  within  which  staged  crews  may  rest-  while 
airborne  end  enrout*  to  the  staging  baa*.  This  approach  could  redue*  a staged  orew'e 
initial  delay  from  th*  • to  18  hours  required  for  evew  rest  down  to  a 1-hour  opera- 
tional stop  for  refueling  and  upload  of  cargo.  However,  this  approaoh  oould  bo  limited 
due  to  availability,  coat,  and  sleeping  capacity  of  th*  orew-reat  capsule*.  Therefor*, 
an  auater*  approach,  using  standard  medical  litters,  wa*  also  evaluated  for  feasibility 
a*  an  alternate  airborne  crev  rest  mod*. 

For  the  reaord,  it  must  be  noted  that  USAFSAM  personnel  served  only  as  remote 
consultants  for  this  test.  The  field  trials  were  planned  and  Implemented  by  staff  per- 
sonnel assigned  to  th*  planning  and  rndinal  offices  at  th*  Headquarter*  of  th*  Military 
Airlift  command.  They  ere  to  be  commended  for  conducting  a well-designed  field 
study  that  incorporated  evaluation  of  operational  performance.  Th*  blending  of  real- 
world  mission*  with  high-fidelity  simulator  mile  lone  provided  * veridical  end  sets 
means  of  evaluating  th*  impact  of  aircrew  rast  procedure*  on  aircrew  performance. 

Th*  test  consisted  of  four  missions;  two  departed  from  Charleston  Air  Forr* 
Base  (AFB),  louth  Carolina,  and  two  departed  from  HoOulr*  Art,  Hew  Jersey.  Ieoh  mis- 
sion wus  comprised  of  a 0. I. -Europe  lag,  a 1-hour  layover,  and  a return  Europe-U.l. 
leg.  Flying  times  for  each  lag  ranged  f con  I. 0-4.8  hours.  Crew  fatigue  and  ensuing 
performance  were  evaluated  in  four  round-trip  crews  and  four  staged  crew*.  Round-trip 
crewa  departed  th*  continental  United  Itates  (COHUB)  and  flew  th*  test  alreraft  to 
■urop*.  After  a 1-hour  refueling  atop,  they  returnad  directly  to  their  home  baa*  while 
resting  onboard  In  sithtL  tha  capsule  or  th*  litters.  Staged  crew*  from  th*  sam*  horn* 
baa*  were  prapoaitloned  In  Burop*  In  erew-reet  status  12-24  hours  prior  to  th*  ached - 
ulad  return  departure*.  On*  aueh  staged  orew  joined  each  miaalon  for  th*  return  leg  to 
COMUB.  On  the  lurope-COHUi  leg  of  th*  Charleston  missions,  th*  round- trip  crewa  rested 
In  th*  cepeul*  and  th*  staged  crews  rested  In  th*  litters.  On  th*  return  leg  of  th* 
MeQuire  missions,  th*  round-trip  crewa  rested  in  th*  litter*  and  th*  staged  crews 
rested  In  the  atpsul*. 

Onboard  orew  reet  during  the  return  lege  waa  also  evaluated  for  interval*  both 
in-  end  out-ot-phea*  with  normal  home  station  aleep  time*.  On*  mission  from  each  U.S. 
bee*  departed  hoar  station  In  th*  morning  huurs  (0910  Eft,  1410  I)  so  that  th*  return 
leg  deperted  Europe  aa  evening  fell  on  th*  U.l.  last  coast  (3100BPT,  0200  I),  Th* 
other  mission  from  each  base  deperted  home  station  In  th*  evening  (2130  SSI;  0210  I)  eo 
that  tha  return  lag  deperted  Europe  ae  th*  morning  hours  occurred  on  the  U.».  lest 
coast  (0000  1ST;  1400  I).  Zn  th*  first  caae,  th*  return  leg  temporally  aligned  with 
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th«  normal  home  atatlon  eleap  period  tot  the  teat  crvwa.  In  the  latter  caae,  the 
return  leg  aligned  with  the  daylight  houra  at  home  atatlon. 

Subjective  Mtlgue  Checklist  ratlnga  were  collected  from  the  round-trip  crewa 
approximately  one  hour  after  departure  from  home  atatlon  and>  again,  one  hour  prior  to 
arrival  In  Europe,  Cn  the  return  leg,  fatigue  retinae  were  eolleeted  from  both  the 
round-trip  oraw  and  the  staged  grew  one  hour  after  departure  and  one  hour  prior  to 
arrival  at  home  atatloi  . Bleep  records  wate  maintained  by  eaoh  crewman  for  24  hours 
prior  to  home  beat  departure  and  throughout  the  mission.  Upon  arrival  at  home  base, 
both  round  trip  and  staged  crewa  flaw  a 3.5-hour  simulator  mlaaion  which  was  evaluated 
by  a flight  examiner,  A final  fatigue  rating  was  reported  by  each  crewman  immediately 
after  completion  of  the  atmulator  mlaaion. 

Each  crew  was  comprised  of  2 pilots,  2 flight  engineers,  and  1 or  2 loadmaa- 
tara.  Although  aubjactlva  data  wara  collaeted  from  all  tha  crewmen,  the  date  from  the 
loadmastere  wara  not  Included  in  the  evaluation  bteauaa  thair  work  aohedule  la  typi- 
oally  diffarant  from  that  o.*  thair  fallow  orawmembera  on  the  flight  dock,  and  loadmas- 
tere do  not  participate  in  simulator  mission*.  Each  crewman  participated  in  only  one 
teat  mlaaion. 

The  CONUS-Europe  legs  of  each  mission  were  routine  channel  missions  which  tha 
participating  alroraws  had  experienced  several  timaa  previously.  Summary  schedule, 
alaap,  and  fatigue  data  for  CONUS-Europe  mlaaion  segments  ara  praaantad  chronologically 
in  Table  1.  Th<-  two  oraw*  who  flaw  the  morning  16930  IBT)  departures  from  home  baa* 
reported  about  6 1/2  houra  of  sleep  for  the  previous  night.  Craws  flying  tha  evening 
(2130  EST)  home-base  departure*  reported  9*  hour*  of  Bleep  tor  the  previous  night, 
in  about  20  studies,  it  haa  bean  our  experience  that  USAf  aircrews  typically  acquire 
7.S-7.7S  hours  of  ad  lib  nightly  alaep,  The  requirement  to  report  for  duty  at  least 
2 1/4  houra  prior  to  scheduled  departure  resulted  in  the  morning  crews  redueing  thair 
sleep  by  about  on*  hour  while  th*  evening  departure  orewe  "elept-ln"  for  an  extra  hour 
or  so,  it  can  be  noted  that  moat  of  thee*  crewmen,  regardless  of  departure  time, 
retired  at  about  2330-2400  tha  prevloua  evening . 

An  hour  after  departure  from  home  baa*  both  th*  crewa  flying  the  morning  and 
th*  evening  mlaaion  reported  subjective  fatigue  rating*  indicative  of  feeling  fresh  and 
alert.  An  hour  prior  to  arrival  in  Europe  the  crews  reported  mild  fatigue  lavale,  typ- 
ical response  pattern*  for  transatlantic  missions  of  S-10  houra  duration.  Ivan  though 
on-duty,  ona  or  two  mambara  of  some  of  th*  crewa  acquired  short  neps  during  the  CONUi- 
Europe  lag.  Thee*  rest  period*  are  encouraged  when  the  mission  workload  permits . 


TABLE  1 

MIAN  SCHEDULE,  BLEEP,  AND  rATlOUE  DATA 
FOB  CONUS-EUROPE  LIOI 

ROUND  TRIP} 

IN-PHA8I 


PREDEPART  CONUS  SLEEP  B.S  HR 

CONUS  DEPART  TINE  0930  BET 

PATIOUE  1-HR  POST  DEPART  13,0 

ENROUTE  SLEEP  1.3  HR 

PATIOUE  1-HR  PRP  ARRIVAL  ».* 

EUROPE  ARRIVAL  TINE  IS 30  SET 


ROUND  TRIP; 
OUT-OP-PHASS 

9.3  HR 

2130  1ST 

12.0 

0,4  HR 

10.4 

0S30  1ST 


Summary  ached via,  sleep,  and  fatlgu*  data  for  th*  lurope-CONUB  return  leg*  are 
praaantad  in  Tabl*  2,  Th*  atagad  oraw*  reported  about  • hour*  of  alaap  prior  to 
departing  Europe.  An  hour  after  departure,  all  of  th*  round  trip  crow*  reported  con- 
siderable fatigue  while  th*  staged  crewa  reported  little  or  no  fatigue.  Under  each 
scheduling  condition  th*  amount  of  alaap  acquired  in  th*  capsule  and  litter*  wna  very 
similar.  Therefore,  ter  the  purposes  of  this  report,  these  data  were  combined.  Both 
th*  round  trip  crewa  and  the  staged  crews  reported  5-1  hours  of  onboard  sleep  on  the 
return  mleaions  whieli  were  in-phase  with  th*  home  base  sleep  period.  Round  trip  crows 
end  ateqed  crews  assigned  to  rest  onboard  during  return  legs  which  occurred  out-of- 
phaee  with  the  home  bee*  alaep  period  reported  only  2-3  houra  of  alaap.  Ona  hour  prior 
to  landing  at  horn*  atatlon,  all  of  th*  crews  reported  slid  to  moderate  level*  of  sub- 
jective fatigue. 

Crewa  that  departed  Europe  at  2100  1ST  on  th*  return  leg  were  evaluated  in  th* 
simulator  during  the  morning  hours  at  home  station.  Crewe  that  departed  lurope  at  MOO 
E8T  wars  avaluatad  in  th*  simulator  during  th*  night  at  home  station.  Non*  of  tha 
craws  parformad  at  aeeaptabl*  lavala.  Rtgardless  of  th*  time  of  day  toated  (and, 
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therefor*,  whether  the  return  leg  occurred  In-  or  out-of-phate  with  the  home  station 
sleep  period),  the  round-trip  crawl  demonstrated  about  8 serious  deviations  per  mission 
whila  the  staged  crews  damonstrated  about  4 serious  deviations  par  mission  (Table  2). 
Most  problems  ware  in  the  araas  of  eras  coordination,  judgment,  and  uae  of  ahsok- 
lista.  the  examiners  noted  slurred  apeach,  lengthy  discussion  of  usually  routine  proce- 
dures, and  a general  slowness  at  making  decisions.  Post-simulator  subjective  fatigue 
ratings  corresponded  with  the  levels  of  performance . The  round-trip  crews  reported 
severe  fatigue  upon  completion  of  the  simulator  mission.  The  staged  crews  also 
reported  strong  feelinga  of  fatigus,  although  their  fatigue  scores  wsra  not  as  low  as 
those  of  the  round-trip  craws.  Based  un  these  behavorial  and  operational  findings,  it 
was  concluded  that  aircrews  cannot  reliably  fly  a safe  follow-on  mission  after  resting 
onboard  an  airborne  C-141.  The  longer  a crewman  is  onboard,  whether  on-duty  or  in 
erew-reat,  the  more  fatigued  he  becomes. 


MEAN 

TABLE  2 

SCHEDULE,  RLE IP,  AND 
POR  IUROPE-COMUS 

PATIOUR  DATA 

LROR 

ROUND 

STAGED, 

ROUND 

RTAORD) 

TRIP| 

IN-PHASE 

IN-PHASE 

TRIP) 

OUT-Or-PHAflE 

OUT-OP-PHASE 

PRIDCFART  EUROPE 
8LEIP 

M/A 

1.2  HR 

N/A 

1.1  HR 

EUROPE  DEPART 
TIME 

2100  SET 

2100  BIT 

0900  BBT 

0900  RRT 

PATIQUE  1-HR 
POST  DEPART 

7.4 

11.5 

7.4 

12.4 

EN ROUTE  SLEEP 

S.l  HR 

5.4  HR 

1.2  HR 

2.0  HR 

PATIOUE  1-HR 
PRR  ARRIVAL 

7.» 

11.0 

7.0 

9.0 

CONUR  ARRIVAL 
TIME 

0440  BET 

0640  BIT 

1130  BIT 

1110  RRT 

SERIOUS  SIMU- 
LATOR DEVIATION* 

7.0 

2,5 

9.5 

5.0 

PATIOUE  POET 
SIMULATOR 

4.1 

7.4 

4.2 

7.0 

k 7,  A-10 , AND  P-4  0ORTXI  SURGE 


To  achieve  and  maintain  total  operational  readiness,  UIAP  taotlcal  alrorawa  are 
being  trained  and  evaluated  in  unit  flying  at  the  fast  pees  expected  in  the  first  cru- 
cial days  of  an  armed  conflict.  Called  ’sortie  surges",  a unit  may  be  required  to  per- 
form a month's  flying  in  a week's  time.  In  response  to  requests  from  operational  com- 
mands, we  have  evaluated  aircrew  fatigue  during  four  sortie  auras  exercises.  The 
objective  cf  these  studies  has  bean  to  assess  the  impact  of  dying  demanding  multiple 
missions  tor  several  consecutive  days  on  acute  and  cumulative  fatigue.  Two  of  the 
surges  were  conducted  at  Myrtle  Reach  API,  Inuth  Carolina,  and  involved  A-7  and  A-10 
aircraft.  The  other  two  surges  both  Involved  P-4  aircraft  and  occurred  in  the  Republic 
of  Korea  and  West  Oermany. 

During  each  of  the  surges,  a Hasp  Survey  was  collected  dally  from  each  crewman 
upon  his  reporting  to  the  squadron.  A Subjective  fatigue  Check card  rating  was  col- 
lected after  each  sortie.  While  sorties  wore  flown  everyday  in  all  four  surges,  most 
crewmen  had  a few  days  on  which  they  flew  no  sorties.  Data  were  not  collected  from 
crewmen  on  days  they  did  not  fly. 

Statistical  anaiysea  were  selected  to  detect  systematic  changes  in  fetlgue 
scores  both  aorots-daya  and  within-days  of  each  surge  exercise.  Several  factors  com- 
plicated the  analyses.  The  number  of  sorties  per  day  and  the  time  of  day  the  sorties 
occurred  varied  is  a result  of  scheduling  requirements  and  cartes llad  missions.  There- 
fore, for  the  purpoaea  of  wlthin-dty  enslyees,  the  daily  sorties  wore  parceled  into 
four  time  intervals  based  on  sortla  termination  or  landing  times,  (A)  an  early  morning 
Interval,  (b)  a midday  interval.  tc>  an  afternoon  interval,  and  (D)  an  evening  inter- 
val. Not  all  possible  sortie/time- interval  combinations  occurred  and  there  use  a wide 
range  in  the  frequency  of  those  that  did  occur,  lech  analytic  tested  tor  aircrew 
effeota,  day  offsets,  time-interval  offsets,  and  sortis-wlthin-timo  effssta. 
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The  evaluation  of  an  A-7  squadron  flying  a two-week  sortie  surge  provides 
representative  findings  for  all  four  of  the  surge  exercises.  The  exercise  was  con- 
ducted with  less  than  24  hours  notice  and  was  Initiated  with  a simulated  deployment 
flown  over  the  Southeastern  United  3tates.  The  deployment  started  at  0700,  was  of 
about  8 hours  duration,  and  began  and  ended  at  Myrtle  Beach  AFB,  the  A-7  pilots'  home 
base.  During  the  next  7 days  of  the  exercise  the  surge  requirement  was  <4  sorties  a 
day)  during  the  last  7 days  the  goal  was  36  sorties  a day.  The  two-week  surge  period 
was  extended  one  additional  day  as  a result  of  t strlous  mechanical  problem  common  to 
all  the  aircraft.  The  seventh  day  was  s "down"  day  for  the  necessary  repairs.  Beoauaa 
of  this  Intervening  shutdown  and  the  accompanying  unachaduled  craw  reat.  data  ware  not 
collected  on  the  seventh  day,  and  data  collected  on  tha  following  day  (day  eight)  were 
excluded  from  gone  of  the  analyses.  All  tha  sortlas  ware  flown  between  0400  end  2300 
hours. 

Thirty-one  pilots  each  flaw  l-lt>  sorties  during  tha  first  sight  days  of  the 
surge,  with  each  pilot  flying  0-3  aortlaa  par  day.  Twanty-elght  of  these  pilots  each 
flaw  6-11  aortlaa  during  tha  laat  seven  days,  with  each  pilot  flying  0-2  sorties  per 
day.  Separate  etatlatleal  analyses  wsrs  performsd  on  dsys  1-8  snd  days  8-1S.  Mo  sta- 
tistically significant  (p<.0S)  betwssn-day  differences  wsrs  found  for  maen  hours  slept 
per  night  or  for  mean  dally  fatigue  score.  The  pilots  averaged  1.1  (rsngsi  7.8  - 8.8) 
hours  of  nightly  sleep  during  the  eurge.  The  average  dally  poatmiaalon  fatigue  soora 
was  11,8  (ranget  11. S - 12.2)  for  days  1-8  and  12.0  (ranget  11.4  - 12. S)  for  tha  last 
8 days. 

Within  eaah  day  of  the  surge,  feelings  of  fstlgu#  increased  in  relation  to  the 
number  of  sorties  flown,  with  aomplete  recovery  occurring  by  the  start  of  each  succes- 
sive day,  This  pattern  is  apparent  In  Figure  4 for  tht  first  six  days  of  tha  surge. 
The  day-to-day  consistency  In  the  absolute  values  of  the  fatigue  score*  reflects  the 
sbsenoe  of  a cumulative  (across  dsys)  fatigue  effect. 

statistical  analyst#  of  wlthin-day  ehangaa  in  fatigue  (cores  were  possible 
after  grouping  the  dally  poataortle  scoras  into  four  time  intervals)  (A)  0800  - 1000) 
(B)  1000  - 14001  (C)  1400  - 1100)  and  (D)  1100  - 2100  hours.  During  both  the  first  six 
days  and  the  laet  eight  dsys  of  the  surge,  the  msan  fatigue  ratings  reported  after  com- 
pletion of  the  first  sorties  rsflsotsd  no  fatigue,  regardless  of  the  tlms-of-dsy  the 
first  sortie  occurred  (rig.  3).  As  was  vary  generally  presented  in  Figure  4.  the 

SI lota  became  progressively  mors  fatigued  following  the  second  snd  third  sortie  (Fig. 

).  with  statistically  significant  ovarall  aortls-wlthln-tlma  effects  occurring  during 
daya  1-4  and  daya  8-13  (p<.001  in  both  cases). 

Specific  etatlatleal  comparisons  considered  differences  between  pairs  of  sortie 
for  s given  time,  between  adjacent  times  for  given  aortic,  snd  between  first  and  lest 
times  for  a given  sortie.  Additionally,  subtssts  analysed  "best*  available  comparisons 
by  collapsing  data  acroaa  time  intervals  for  sortie  comparisons  or  across  sorties  for 
time-interval  comparisons.  Tha  results  for  days  1-8  end  days  1-13  ere  summarised  in 
Table  3.  Significant  atstlatioal  differences  reinforced  the  gsnsrsl  overall  trend  pre- 
sented in  Figure  4)  aubjectlve  fatigue  increased  with  each  sortie  flown,  while  tlme- 
of-day  had  little  or  no  systematic  effect  on  postmlsslon  fatigue  acoree. 

Tha  subjective  fatigue  and  sleep  findings  for  the  other  three  sortie  surges 
wsrs  very  similar  to  those  for  tht  A-7  surge.  Moderate  levels  of  fatigue  were  reported 
at  tha  end  of  each  duty  day  after  flying  three  and,  occeslonslly,  four  sortlee.  the 
dally  fatigue  was  ameliorated  by  a night's  sleep,  snd  cumulative  fatigue  did  not  oeour 
over  the  one-  to  two-week  surge  intervale,  In  each  case,  the  moderate  levels  of  sub- 
jective fatigue  generated  by  the  surge  schedules  were  complemented  by  reporta  of  accu- 
rate bomb-range  performance  by  the  aircrewe  throughout  aeon  eurge. 

Two  taatora  common  to  all  tour  of  the  surges  contributed  te  the  ebeyanoe  Of 
operationally  maaningtul  lavala  of  fatigue.  First,  each  of  theae  surges  wee  conducted 
at  the  aircrews'  home  bases,  permitting  them  to  both  perform  in  familiar  operational 
environments,  end  to  reat  and  sleep  in  the  comfortable  surroundings  of  their  own  resi- 
dences. Beeond,  seldom  wee  e crewmen's  normal  day /night  schedule  interrupted.  Most  of 
the  eortiea  occurred  during  daylight  heure,  end  rest  end  sleep  occurred  during  normal 
nighttime  Intervale,  it  has  been  well  established  that  performance  can  be  maintained 
on  w«ll-ieernad  tasks  by  highly  motlvstsd  people  tor  aeverel  days,  provided  e good 
night's  sleep  is  acquired  dally.  Me  hive  not  yet  had  the  opportunity  to  ovaluato  air- 
crew fatigue  during  tactical  eertle  surges  Involving  nighttime  and/or  around-the-clock 
operation*  at  remote,  auetere  sites. 


TABLE  3 


STATISTICAL  FINDINGS  (p  VALUE3)  FOR  SPECIFIC  PAIRED  COMPARISONS 
OF  FAT I GU RE  SCORES  REPORTED  DURING  A-7  SORTIE  SURGE 


SORTIE  COMPARISONS 


SORTIES 

TINE- INTERVAL  * 

DAYS  1-1 

DAYS  8-13 

1 vs  2 

B 

.463 

<.001 

1 VS  2 

C 

.047 

.001 

1 vs  3 

c 

<.001 

<.001 

2 vs  3 

c 

.039 

.009 

1 vs  2 

D 

.002 

<.001 

2 VS  3 

D 

.914 

- 

1 vs  3 

D 

.001 

« 

1 vs  2 

B+C+D 

<.001 

<.001 

2 vs  3 

CAD 

.191 

- 

1 VS  3 

C+D 

<.001 

- 

TIME- INTERVAL 

COMPARlIOMI 

SORTIE 

TIME-INTERVALS 

DAYS  1-4 

DAYS  1-19 

1 A VS  B .070  .170 


1 

9 vs  C 

.444 

.099 

1 

C vs  D 

.499 

.901 

1 

A vs  C 

.234 

.141 

1 . 

A vs  D 

.110 

.924 

2 

B vs  C 

.920 

.114 

2 

C V*  D 

.070 

.702 

2 

■ VS  D 

.009 

.114 

3 

C vs  0 

.922 

A 

1+2 

1 VS  c 

.133 

.069 

1+2+3 

C V*  D 

.937 

■* 

1+2 

e vs  d 

- 

.912 

* Tims-lntsrval  AiOSOO-IOOOi  9il000-140Qi  Cfl400-ll00|  Dtl»00-3100. 


E-4B  30-HOUR  MISSION 

The  Air  Pore*  Test  and  Evaluation  Center  (APTIC)  eonduoted  a 49-day  Initial 
teat  and  evaluation  of  th*  prototype  B-41  Advanced  Airborne  Command  Boat.  A Major 
objective  of  the  teat  waa  to  evaluate  th*  extended  Mission  capability  of  tha  ay* ten.  aa 
both  th*  Strategic  Air  Comnand  and  National  Emergency  Airborne  Command  Post  (NRACP) 
require  continuously  airborne  operational  capability  in  contingency  situation*.  NRACP 
la  th*  Emergency  Airborne  element  of  th*  Joint  Staff  and  la  an  alternate  command  center 
of  th*  National  Military  Command  System.  NIACP  provides  the  National  Command  author- 
ities with  the  emergency  maane  eaaentlal  for  accurate  and  timely  deelelone,  Including 
th*  communications  required  for  reliable  transmission  of  thoa*  decision*  with  a minimum 
of  delay!  for  th*  direction  of  U.S.  military  forces.  To  ******  th*  extended  duration 
capability  of  th*  syitem,  a 30-hour  continuously  airborne  teat  mission  was  flown.  At 
th*  request  of  th*  APTBC  Command  Surgeon ( w*  evaluated  crew  fatigue  associated  with  the 
extended  mission. 

Th*  30-hour  mission  departed  Andrews  APB(  Maryland  at  0710  CSC  (0S10  1ST),  S 
rebruary.  and  landed  at  Oftutt  APS!  Nebraska  at  1110  CST(  7 February.  Prior  to  tha 
extended  mission,  all  tost  participants  were  briefed  on  tho  purpose . procedures!  and 
dsta-oollectlon  schedule  to  that  each  crewman  could  assume  major  responsibility  for  the 
proper  and  timely  collection  of  his  own  data.  Th*  CStl  ratio  of  crewmen  to  atudy 
director  and  th*  need  for  at-home  data  collection  during  poatmiasion  off-duty  days  Is  a 
caae-ln-polnt  for  the  use  of  a aelf-admlnistratlon  methodology. 

Collection  of  subjective  fatigue  ratings  and  slsep  logs  began  at  about  0100  CST 
ehortly  after  takeoff  on  the  morning  of  I February,  Prom  that  time  on.  fatigue  ratings 
were  collected  at  4-hour  interval*  around-the-oleek  during  th*  mission,  and  at  4-hour 
Interval*  during  typical  waking  hours  for  the  3 1/2  days  after  th*  mission.  A (loop 
■urvey  was  completed  at  0100  tor  upon  awakanir.g)  each  day.  This  data  collection  sched- 
ule served  only  aa  a general  guideline.  Teat  participant*  were  never  awakened  for  data 
collection.  Bom*  fatigue  retinae  were  collected  much  ee  (0-90  minute*  before  or 
after  scheduled  time*  to  allow  for  uninterrupted  work  and  sleep  periods.  Th*  OBAPBAN 
study  dlroetor  was  onboard  during  th*  mission  to  obssrvs  and  collect  completed  mate- 
riel. Immediately  after  landing  et  Offutt  APR,  each  participant  was  givtn  a supply  ef 
■ubjsetiv*  Fatigue  cheokoardt  end  Bleep  liim/i  to  take  horn*  for  aclt-admlnlatratlon 
during  th*  3 1/2  day  poatmlaalon  period.  The  study  director  was  available  daily  at  tha 
Oftutt  A Fi  I-4B  test  office  to  collect  completed  forms  at  th*  eonvsnlsno*  of  th*  tsst 
participants. 


21-7 


Ths  SAM  aubjectlv*  fatigue  and  sleep  date  from  the  <6  test  participants  were 
grouped  Into  six  functional  crew  categorleai  9 flight  crewmen  IS  pilots.  2 navigators, 
2 flight  engineers),  4 stewards,  17  radio  and  teletype  operators  (COMM),  12  radio  main- 
tenance personnel  (AMS),  10  aircraft  maintenance  personnel  (0M8/FMS),  end  14  members  of 
the  NEACP  battle  staff.  Although  the  4 stewards  formed  a very  small  sample,  their 
unique  duties  and  schedule  necessitated  treating  them  as  an  independent  group.  Such  a 
small  aample,  however,  severely  limits  statistical  description  and  analyses,  so  these 
data  ware  not  subjected  to  all  evaluations. 

Data  were  Incomplete  for  various  reasons.  As  expected,  some  of  the  *4  crewmen 
slept  through  one  or  two  data-eollectlen  Intervals.  During  the  mission,  no  dats  wars 
collected  from  the  0MS/rM9  and  NEACP  groups  at  0400  baoauae  thay  ware  all  aleaping. 
After  tha  mission,  soma  participants  departed  Offutt  A PE  on  other  million*  before  posl- 
misslon  data  collection  wee  completed.  A few  participant*  never  submitted  any  postmla- 
slon  data.  Keen  value*  presented  in  text,  tables,  and  flguraa  are  compoaltaa  of  esti- 
mates from  tha  various  analyaaa. 

Th*  amount  of  alaap  acquired  was  documented  for  the  day  bafora  th*  mission,  tha 
3o-hour  mission,  and  each  of  tha  3 day*  following  tha  million.  An  initial  analysis  of 
all  5 days  indicated  that  mission  sleep  data  had  significantly  greater  variability  than 
the  data  for  tha  other  4 days.  Therefore,  four  asperate  analyaaa  were  performed,  In 
which  each  nonflying  day  was  individually  compared  with  th*  mission-day  (Table  4). 
Because  of  missing  data,  beat-eatimatee  of  means  were  calculated  for  tha  various  com- 
parisons, raaulting  in  two  sets  of  means  for  tha  minion  dayi  one  act  for  comparison 
to  pramiaa ion  sleep  (upper  portion  of  Table  4),  and  one  set  for  comparison  with  mean 
hours  slept  during  each  poatmlaaion  day  (lower  portion  of  Table  4).  A*  noted  aarliar, 

?oatmlaaion  data  were  not  available  from  tha  NEACP  crewmen,  •lgnlflaant  group  x day 
ntaractlona  occurred  in  each  of  tha  four  paired  analyses  Involving  tha  mission  day. 

Premission  sleep  was  moderately  to  severely  reduced  from  normal  for  all  groups 
but  stewards.  Standby-alert  duty  schedules  required  torn*  COMM,  OMI/FM,  end  HIACP  per- 
sonnel to  remain  awaka  during  the  20  hour*  preceding  takeoff  et  0730  on  • February. 
During  ths  mission,  tha  overall  average  sleeping  time  was  7 hours.  Tha  NIACP  staff 
received  tha  least  alaap  (4.7  houre),  and  the  OMB/PMB  group  the  moat  (10.1  hours), 
Howavar,  the  overall  range  for  Individual  sleep  data  during  tha  misaion  was  vary  large i 
0.9-20,0  hours.  The  responsibilities  and  duties  of  tha  various  groups  determined  whan 
they  could  acquire  soma  alaap.  For  lnetsnos,  moat  of  tha  0MS/FME  personnel  were  much 
busier  during  th*  hours  preaedlng  takeoff  than  when  airborne,  while  tha  opposite  waa 
the  aase  for  the  utawarde.  The  sleep  aoqulred  during  the  mieeion  by  moat  (729)  of  the 
participant*  waa  fragmented  into  two  or  three  Intervale  separated  by  an  hour  or  more. 
A fifth  analyela  simultaneously  compared  the  sleep  data  for  th*  4 nonflying  days.  Only 
th*  day  affect  waa  significant  (p<,001).  Th*  least  alaap  waa  aoqulred  premlaalon  (3.3 
hours),  and  the  most  waa  acquired  th*  first  poatmlaaion  night  (10.1  hour*).  Typical 
amounts  of  sleep  occurred  on  th*  second  end  third  poatmieelon  nights  (i.l  and  7,1 
hours,  respectively ) . 


TAIL!  4 


MIAN  HOURS  (DIPT  DURING  PREMXIbiON, 
MISSION,  AND  THREE  FOSTMIBIXON  DATE 


Premlaalon  vs  Mission  Day 


Flightarew 

fltawerde  COMM 

AMS 

OMS/FH8 

NEACP 

Pramisalon 

C.l 

7.0 

4.9 

3.1 

3.3 

4.3 

Miaelon 

4.3 

3.4 

7.3 

7,1 

10.1 

4.7 

Million  vi 

Each 

Poatmlaaion  Day 

Pllghtcrew 

steward* 

COMM 

AMS 

OMS/PMf 

Mission 

t.l 

3.3 

1.0 

7.9 

10.5 

Foatmiaalon-1 

10.  s 

10.3 

11.2 

9.0 

9.1 

Poatmiailon-2 

I.l 

I.S 

1.4 

7.4 

7.1 

Poatmlaaion-! 

1.2 

10.3 

4.1 

7.0 

7.1 

Sever*  levels  of  subjective  fatigue  were  not  reported  during  th*  30-hour  mis- 
sion, but  modarat*  lavala  did  occur  as  ths  mission  progressed  into  th*  evening  and 
early  morning  hours  (Figs.  < and  7),  Through  1200  on  l February,  a typical  circadian 
pattern  occurred  for  both  tha  overall  craw  means  (Fig,  I)  and,  allowing  for  einor  vari- 
ations, tha  means  tor  eaoh  craw-group  (Fig,  7).  Evan  after  a night  of  reduced  and  dis- 
rupted sleep i feeling*  of  fatigue  subsided  during  the  last  I hours  of  th*  mission 
which,  In  this  case,  corresponded  with  th*  time  of  dey  (0100-1*00)  when  so  at  people 
feel  alert  and  fresh.  In  both  Figures  ( and  7,  this  time-related  Improving  subjective 
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■tat*  it  d*pict*d  by  th*  general  pattern  of  increasing  aooiea  (lea*  subjective  fatigue) 
from  2400  to  1200  on  7 February. 

Both  mleelon  and  poatmlaalon  mean  eubjectlv*  fatigue  aoorea  are  presented  In 
Figure  C tor  0800  and  2000  on  each  day  of  th*  etudy.  The  format  of  Figure  8 highlight* 
aom*  group  dlfferencea  in  pattern*  of  ahang*  during  th*  mlaalon.  comparing  th*  fatigue 
l*v*la  for  each  group  at  0100/8  February  and  0100/7  February,  aaaentlally  no  difference 
occurred  for  the  f lighter**  and  AMI  peraonnali  th*  COMM  group  reported  a moderate 
inoraaae  in  fatigue,  while  th*  0M8/FM8  group  felt  leaa  fatigued.  Th*  QMI/FMI  group 
aoqulred  a large  average  amount  of  aleap  (>10  houra)  during  tne  mlaaion.  Moat  of  that 
sleep  (9(1 i occurred  during  th*  firat  24  hour*  of  th*  miaaion.  Th*  recuperative  value 
of  thia  aleap,  even  though  acquired  in  th*  alrborna-miaaion  environment,  waa  reflected 
in  th*  reduced  fatigue  reported  by  the  QMI/FMI  pereonnel  at  24  hour*  into  th*  miaaion. 

For  aaah  crew  category,  th*  greateat  amount  of  lubjegtive  fatigue  (lowest 
■core*)  reported  at  any  time  during  tha  etudy  occurred  at  2000  on  th*  evening  of  7 
February  after  landing  at  Offutt  AFB  (Fig*.  ( and  I).  Th*  mean  aoore  of  only  4.2  tor 
th*  flight  ore*  at  2000,  while  baaed  on  only  S of  th*  9 member*  (th*  other*  had  already 
retired  for  th*  night),  waa  particularly  indicative  of  intenae  feeling*  of  fatigue. 
The  effect*  of  th*  prevloua  40-48  houri,  combined  with  th*  opportunity  to  'let  down* 
upon  entering  home-baa*  poatmlaalon  crew  reat,  contributed  to  th*  high  levels  of  sub- 
jective fatigue  reported  by  moat  partlolpanta  on  thia  firat  avaning  after  mlaalon  one- 
plat  ion. 


after  a night  of  extended  good  quality  alaap  at  horn*  (10,1  houra),  th*  erawa 
war*  considerably  raoovarad  and  rtfraahad  on  th*  firat  poatmlaalon  day,  aa  indicated  in 
Figure*  6 and  I by  th*  alavatad  fatlgu*  acoraa  on  I February.  Comparing  aoore* 
reported  at  0100  and  1200  (NIACF  omittad)  during  th*  last  portion  of  tha  mlaalon  (7 
Fab)  with  thoaa  raportad  at  tha  aam*  timaa  aftar  th*  firat  night  of  recovery  (9  Feb),  a 
aigniflcant  inoreae*  (p».002)  in  dally  maan  fatlgu*  acov*  oaourrad)  th*  avarag*  acor* 
waa  10,9  during  tha  final  alrborn*  houra  and  12,4  a day  latar, 

Th*  maan  aubjaetlv*  fatlgu*  acoraa  raportad  during  th*  firat  and  aacond  oom- 
plat*  poatmlaalon  days  (I  and  9 Fab),  plus  th*  naad  tor  only  normal  amount*  of  alaap  on 
th*  aacond  poatmlaalon  night,  indicated  complete  recovery  on  th*  morning  of  9 February, 
about  40  hour*— end  more  Importantly,  two  nights  of  restful  sleep-- attar  mlaalon  oom- 

? let  ion.  The  relatively  lower  aubjectlv*  fatlqu*  aoore*  reported  on  10  February,  th* 
aet  day  of  poetmleelen  evaluation,  ara  probably  not  related  to  miaaion  affaota.  While 
no  definite  explanation  can  b*  of fared,  10  February  waa  a laturday,  and  th*  oonalualon 
of  th*  4S-day  taat  period  waa  celebrated  tha  Friday  night  bn for*  by  aavaral  of  tha  taat 
partlolpanta,  Th*  poatmlaalon  fatlgu*  acoraa  oollaetad  at  0100,  1200,  1100,  and  2000 
on  I,  9,  and  10  Fabruary  war*  aubmlttad  to  analytla  of  varianet  for  all  participating 
oraw-groupa  but  tha  atawarda,  for  whoa  too  much  data  war*  missing,  aigniflcant  craw- 
groups  (p«. Oil),  day  (pa .026) , and  tlmt-of-day  (p«.004)  affaota  ooourrad  (Tabla  I), 
Th*  tlm*-of-d«y  effect  reflected  typical  circadian  variation.  Additional  tasting  of 
th*  day  means  Indicated  no  change  from  I to  9 February,  but  a aigniflcant  dser****  in 
acor*  from  9 to  10  Fabruary. 
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In  summary,  ths  subjsctlvs  fatigue  levels  reported  during  the  30-hour  E-4B  mis- 
sion were  moderate  and  not  of  a magnitude  associated  with  compromises  in  performance 
and  aafety.  Although  not  of  the  heat  quality,  the  sleep  acquired  inflight  in  the 
bunks,  in  the  duty  and  passenger  seats,  and  even  on  the  floor  was  of  restorative  value 
and  contributed  to  the  general  absence  of  severe  fatigue  during  the  mission.  The  high 
quality  of  ths  meals  and  the  comfortable  bioenvironment  also  contributed  to  the  main- 
tenance of  crew  motivation  and  morale.  Notable  levels  of  subjective  fatigue  were 
reported  on  the  afternoon  and  evening  following  mission  completion  and  entry  into  post 
mission  arew  rest.  After  the  first  pontmlssion  night,  in  which  an  average  of  10  hours 
of  sleep  was  acquired  (2-3  hours  more  than  usual),  the  crewmen  were  considerably  recov- 
ered and  felt  generally  refreshed  throughout  the  first  complete  poetmleelon  day.  After 
the  second  postmisnlon  night  of  an  uninterrupted,  typical  amount  of  aleap,  the  crewman 
had  recovered  sufficiently  to  resume  normal  ground  and  flight  duties.  The  subjsotlve 
fatigue  scores  were  of  normal  amplitude  and  pattern.' 

Generalisations  are  limited  for  the  crew  fatigue  findings  for  this  single 
30-hour  mission.  The  scheduling  Involved  only  one  normal  sleep  period  during  the  air- 
borne mission.  Oreater  crew  fatigue  could  result  from  a 30-hour  mission  starting  in 
the  early  evening  hours  because  two  normal  sleep  periods  would  be  disrupted,  the  second 
during  tne  final  hours  of  the  mission.  The  severe  subjective  fatigue  reported  after 
the  30-hour  mission,  about  31  hours  after  takeoff,  is  cause  for  some  concern  when  con- 
sidering the  NMCP  requirement  tor  a 72-hour  continuously  airborne  capability. 
Although  this  finding  was  partially  a consequence  of  entering  postmleslon  crew  rest, 
the  data  suggest  that  severe  levels  of  fatigue  could  occur  during  the  last  half  of  a 
72-hour  continuously  airborne  million.  The  currant  fatigue  findlnge  for  the  30-hour 
mission  cannot  be  extrapolated  to  a 72-hour  mission,  as  any  acoumulatlon  of  tetigua 
would  be  nonlinear. 
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Plqura  3.  Slaap  Survay. 


Plqura  4.  Maan  aubjaotlva  fatiqua  aooraa  raportad  by  pilot*  durlnq  day*  1-6  of  tha 
two-vaak  A-?  aurqa. 
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Figure  7.  Keen  eufcjeetlve  fatigue  ecoraa  reported  by  five  functional  crew-groupa 
during  the  E-4B  30-hour  nieeion. 


DR  A F SAND  IRS  (Nl) 


To  what  extent  do  you  think  itudits  carried  out  only  using  ratings  st  aubjactivc  fatigue  have  anything 
to  aay  about  the  real  state  o f affaire?  Hew  does  one  know  that  the  subject's  rating  raflecte  hie 
performance? 

AUTHOR'S  REPLY  j 

1 too  aa  concerned  that  wa  have  to  rely  on  subjective  rating!.  It  1 could  Mature  performance  Shore 

directly  1 would  do  so,  but  we  do  not  yet  have  the  technique!  which  will  allow  ue  to  determine  t 

performance  in  many  of  the  operational  situations  which  we  ere  requested  to  Inveetigato.  Thut  many  ! 

of  tha  operationa  which  we  have  lnvaetigatad  have  bean  organiead  by  other!  and  we  have  to  do  the  I 

beet  we  can  under  tha  circumatancea  to  evaluate  crew  fatigue.  You  will  note  thet  I a poke  of 

aircrew  fatigue  and  not  aircrew  parfornance,  Whenever  it  ia  possible  we  attempt  to  relate  ! 

aubjective  fatigue  rating!  to  performance  as,  for  example,  in  tha  firat  study  with  tha  C-141. 

Thera  we  used  the  assaaenente  of  performance  made  by  tha  flight  axaninera.  I believe  that 

aaaasamant  of  fatigua  and  workload  in  the  field  can  be  improved  by  incorporating  performance  naaaurae 

such  at  SWAT  (tea  paper  No  20).  Frequently  we  have  to  bate  our  recoMendationa  on  operational  J 

matters, on  lata  information  than  one  would  with.  However,  even  with  a United  amount  of  Information, 

wa  can  make  recomandat  ions  which  will  improve  air  operationa, 

PROF  H URSIN  (NO) 
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I would  Ilka  to  support  tha  use  of  aubjeetlva  ratings.  It  ia  preferable,  of  couraa,  to  ute 
objective  measures  but  aubjective  fatigue  acalea  do  correlate  with  other  indicators,  not  only 
performance  but  alto  tha  incidence  of  alow  wavet  in  tha  IIO.  Aa  I will  datail  in  my  paper 
(No  22),  1 believe  that  aubjective  reporting  can  be  of  contlderabla  value, 

DR  C I B1LUN0S  (US) 

Indeed  aubjeetlva  rating  scales  are  one  of  the  MSeurea  which  moat  consistently  correlate  with 
performance  over  a wide  range  of  aituatlona. 

DR  J R ALLAN  (UK) 

1 would  also  Ilka  to  defend  auhjaetive  Matures.  It  it  sometimes  claimed  that  objective  measurements , 
for  example  tracking  performance,  are  somehow  more  valid.  Thut  the  demons tret ion  thet  one  strata 
produces  a greater  tracking  error  than  another  may  well  have  no  significance  whatsoever  in  terms  of 
effactivenaaa  of  a mlaaion.  Objective  measures  require  aa  much  validation  in  tarma  of  relevance  to 
operational  affectivanaaa  aa  do  aubjeetlva  mtaauret. 

DR  A RUCK  (01) 

thou Id  not  tha  ainumum  value  of  the  rating  la  the  scale  of  fatigua  during  tha  30  hour  flight  oocur 
at  04.00  hr  rather  than  24.00  hr) 

AUTHOR'S  RXPLY 
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I believe  that  this  question  ralatea  to  tha  study  of  the  141  mlaaion  where  we  found  that  tha 
average  subjective  fatigue  scoraa  ware  lower  at  midnight  than  at  04.00  hr  in  tha  morning.  This 
result  did  not  raise  any  concern,  Thera  was  probably  more  activity  at  04.00  hr  than  at  midnight 
and  this  almost  carealnlp  disturbed  tha  rhythm  which  occurs  in  undiaturbod  individuals.  The  acoraa 
at  midnight  and  04.00  hr  were  low.  Furthermore,  one  frequently  finds  fluctuations  so  that  tha  lowoat 
score  may  occur  at  midnight  or  at  04,00  hr  or  even  aometimaa  at  04.00  hri  there  la  a lot  of 
individual  variation, 

R 1 HOWARD  (UK) 

Would  it  not  be  valuable  for  unit  flight  aadlcal  officers  eo  administer  fatigua  check  llata  to 
aircrew  on  a routine  basis  so  that  they  could  monitor  tha  typo  of  flying  performed  and  tha 
intensity  of  fatigue) 

AUTHOR'S  RXPLY 

Operational  Flight  Surgeons  do  aak  us  increasingly  tor  advloa  and  support  to  investigate  fatigua 
during  local  exercises,  I hesitate  to  give  alrerww  tha  additional  paperwork  which  rautiae 
monitoring  of  fatigua  by  check  lists  would  involve.  I believe,  however,  that  such  paper  and  pencil 
teaks  can,  with  value,  be  used  by  the  local  Flight  Surgeon  to  monitor  fatigua  la  specific  operational 
aaareisaa.  la  providing  advice  to  Flight  Surgeons  on  fatigue  in  aircrew  1 have  feund  the  review 
by  Dra  Klein  sad  Wegnena  (AOARDo graph  Ho  247,  Significance  of  Circadian  Rhythms  in  Aaroapaca 
Operations  by  K R Klein  and  k H We  gamut)  on  circadian  rhythms  and  the  40*0  publication  by 
Dr  Laverna  Johnson  (AOARDogtaph  No  143,  The  Operational  Consequences  of  Sleep  Deprivation  and  Sleep 
Deficit  by  L C Johnson  and  F Ncitoh)  of  considerable  value  as  reference  documents  for  tha  Flight 
Surgeon  in  the  field. 
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DR  C E BILLINGS  (US) 

A further  ACARD  pubUc.tUn  "l“'n yJuJt'Modlc .^Officer!*!*1  A°N  NletoWon\nd°B^Stono)  will  oloo  b. 
Sl.ap  And  Wokofulnot.  Handbook  for  FU*ht  »dlc.l  OHic«.  oy  llMrlly  „lttln,  U l,  mil 

— !<  ““ 

OR  L C BOIR  (NL) 

SSm  ~Tu  lf.ln.nr  or  f.llur.  of  p.rf.rf  >«. 

DR  C E BILLINGS  (US) 

Ik.  choir  not.,  thot  both  Dr  Stor.  m*  * *+£ "*»  *°  *hl*  ^ 

HUiirii  wn  In  ony  ionic  prodiotlvo  of  porfotmonco. 


